A vegetarian diet, which is rich both in fibers and phytochemicals, is believed to protect against development of cancer in the colon. 15, 24) We have previously studied naturally occurring compounds and their inhibitory effects on COX-2, and a variety of compounds have shown ability to affect the enzymatic activity of COX-2. 17, 20, 25, 26) Recently, we observed COX-2 inhibitory effects of human fecal water obtained from vegetarians. 27) Now, we have extended our studies to flavouring compounds. One such compound is 2-pentanone, a small volatile molecule naturally occurring in fruits and vegetables, such as banana, cultivated strawberries and carrot root. [28] [29] [30] [31] 2-Pentanone has also been detected in soya oil, apple aroma concentrate and in cheese. [32] [33] [34] The amount of 2-pentanone (pentan-2-one) detected in different banana cultivars ranged from 4.8 to 6.0 mg/kg. 28) The average human daily consumption of banana is 15.7 g, which corresponds to a daily intake of 424 mg.
35) The amount of 2-pentanone in carrot is about 200 mg/kg fresh carrot root. 31) Moreover, 2-pentanone is produced by the fungus Rhizopus oligosporus during the soybean tempeh fermentation process and by the common food contaminant fungi Penicillium verrucosum and Aspergillus niger. [36] [37] [38] Staphylococcus carnosus, used as a starter in sausage fermentation, produces 2-pentanone and other methyl ketones, which contribute to the cured aroma of sausage meat. 39) 2-Pentanone has also been identified in the air phase of human urine samples and as a volatile odorant from swine facilities. 40, 41) In addition, anaeorbic bacteria isolated from fresh water sediment can produce 2-pentanone as a byproduct of sorbic acid degradation. 42) Furthermore, 2-pentanone has been identified as a volatile fragment from cholesterol autoxidation and as one of many volatile compounds de- 43, 44) Taken together there is major evidence that 2-pentanone is frequently occurring in food of different kinds and hence we were interested in investigating the potential anti-inflammatory effects of this compound. The aim with the present study was to investigate whether the flavouring compound 2-pentanone exhibits any COX-2 inhibitory effects in vitro. Cell Culture The human colon carcinoma cell line HT-29 (American type Culture Collection) was cultured in monolayer in Dulbecco's Modified Eagle's Medium (DMEM) (supplemented with 10% fetal bovine serum (FBS), 2 mmol/l L-glutamine, and 1% penicillin/streptomycin) at 37°C and 5% CO 2 . Experiments were carried out in supplemented medium (DMEM) containing 0.1% FBS.
MATERIALS AND METHODS

Materials
Prostaglandin E 2 (PGE 2 ) Production in HT29 Cells PGE 2 is a major product produced by COX from arachidonic acid and is often used to estimate COX activity in cells. 45, 46) Cells were plated in 12-well plates and cultured to 60-80% confluence. To reduce the activity of COX-1, cells were pretreated with 100 mmol/l aspirin for 10 h. At day 3, the cells were incubated with TNF-a (50 mg/l) and 2-pentanone (25-400 mmol/l) for 5 h. After treatment, the test solutions were removed and replaced with 100 mmol/l arachidonic acid (Sigma) diluted in 0.1% DMEM and left for 1 h. The PGE 2 concentration in the cell supernatants was determined by radio immuno assay (RIA) using [ 3 H]PGE 2 and polyclonal antiserum to PGE 2 (Sigma). The samples were assayed undiluted and a standard curve with PGE 2 was included in each run. Each 2-pentanone concentration was tested at least twice in the cell system and later analyzed in duplicate in the RIA. The results were expressed as the percentage inhibition of the TNF-a treated cells. The values are presented as meansϮ S.D., nϭ4. The values were normalized for enabling comparison between different experiments. In all experiments untreated cells were included as controls, and the selective COX-2 inhibitor NS398 was used as a reference compound for comparison of inhibiting activity. The 2-pentanone concentrations tested were evaluated for cytotoxicity in the AlamarBlue TM assay to ensure that COX-2 inhibitory effects were not due to cell death. 47, 48) COX-2 Protein Production in HT29 Cells 5.2ϫ10 6 cells were seeded out in petri dishes. At 60-80% confluency the cells were incubated with TNF-a (50 mg/l) in the presence or absence of 2-pentanone (200-400 mmol/l) for 5 h.
Untreated cells and cells treated with only TNF-a were included in each experiment. After treatment, cell extracts were prepared and proteins were isolated. In brief, the cells were washed with PBS, trypsinated and collected in tubes. The cells were concentrated by centrifugation and again washed with PBS. After a second centrifugation step the cells were lysed by addition lysis buffer (25 mM Tris acetate EDTA (TAE), 10% glycerol, 1% Triton X-100, 1 mM EDTA and 2 mM dithiothreitol (DTT), pH 7.8), followed by freezing (Ϫ20°C). The protein concentration was determined using the Bradford protein assay and the protein concentration was adjusted to 80 mg/sample. 49) Proteins were separated by SDS-PAGE (8%) as described by Laemmli 50) and blotted onto a Hybond enhanced chemiluminescence nitrocellulose membrane (Amersham). The membranes were incubated for 2 h with mouse monoclonal antibody against COX-2 (Transduction Laboratories, dilution 1 : 500) and actin (Santa Cruz Biotechnology, dilution 1 : 500). Thereafter the membranes were incubated with polyclonal anti-mouse IgG conjugated with horseradish peroxidase (Dakopatts, dilution 1 : 2000). The ECLϩ system was used to detect the bands, and emitted light was quantified using a FUJI LAS 100. Actin was used as an internal control for equal protein concentration loading per lane. Protein bands were quantified densiometrically and expressed as the percentage inhibition of the TNF-a-treated cell band intensity (COX-2/actin). The values are meansϮ S.E.M., nϭ3. Values were normalized for enabling comparison between different experiments. 2-Pentanone was tested in 2 different concentrations; 200 mmol/l and 400 mmol/l. These concentrations were selected based on the first studies on PGE 2 production. RESULTS 2-Pentanone inhibited prostaglandin production in a dosedependent manner in TNF-a stimulated HT29 cells. The highest concentration (400 mmol/l) inhibited the 2-pentanone inhibited prostaglandin production by 56.9Ϯ12.9% (Fig. 1) which is almost the same inhibition as observed for the reference compound NS398 (59.8Ϯ7.6%). Also, 2-pentanone sig- nificantly reduced the COX-2 protein production in the human colon cancer cell line HT29. A concentration of 400 mmol/l 2-pentanone resulted in a 53.3Ϯ9.6% reduction and 200 mmol/l in a 38.9Ϯ27.1% reduction of COX-2 protein levels in TNF-a stimulated cells (Fig. 2 ). Cell viability was tested to confirm that the effects were not due to cytotoxicity. The cell viability was only slightly reduced by treatment of 2-pentanone (Fig. 3) .
DISCUSSION
A daily intake of fruit and vegetables is believed to reduce the cancer risk, as it contains compounds with chemopreventive properties. 15, 24) Many dietary phytochemicals possess anti-inflammatory properties, whereof the COX-2 inhibitory effect is one of the most studied.
In a previous study we investigated the COX-2 inhibitory effects of vegetarian fecal water and found that human fecal water contains components that can affect both the COX-2 enzymatic activity and protein expression in HT29 cells. 27) Preliminary results indicate that the COX-2 inhibitory effect is not caused by phenolic compounds (unpublished data). We were therefore interested in identifying the compounds responsible for the anti-inflammatory activity of the fecal water samples. The naturally occurring compound 2-pentanone is a small molecule found in fruits and vegetables, and may be one of the preventive anti-inflammatory factors. [28] [29] [30] [31] To our knowledge there are no previous reports about cellular actions of 2-pentanone.
In the present study the in vitro COX-2 inhibitory effects of 2-pentanone were investigated in TNF-a stimulated colon cancer cells. Previous results show that fecal water samples from vegetarians decreased both PGE 2 production (5.4-39.7% inhibition) and COX-2 protein levels (19-63% inhibition). 27) Compared to these results, 2-pentanone showed a more pronounced COX-2 inhibitory effect at the concentrations tested. The results from the AlamarBlue TM assay showed that the cell viability was not extensively reduced after treatment with 2-pentanone. With a survival index of 84-96%, all 2-pentanone concentrations tested can be considered to have a very low or negligible cytotoxic effect.
51)
The level of inhibitory effect on PGE 2 production is not likely to be solely explained by the cytotoxic response, as the COX-2 inhibitory effect of 2-pentanone remained on the protein level detected with Western blot carried out on cell extracts of living cells. Compounds (natural or synthetic) may affect COX-2 at several levels, including inhibition of enzymatic activity, or by altering the levels of COX-2 protein or mRNA. COX-2 inhibition can act through many different mechanisms, and it is difficult to predict the exact mechanism in this case. From our results we can conclude that the PGE 2 production among other factors may be partly explained by a cytotoxic effect. However it should be emphasized that COX-2 inhibition was clearly detected on the protein expression level.
Several sources in our diet seem to contain small amounts of 2-pentanone. [28] [29] [30] [31] [32] [33] [34] The total concentration in the colonic lumen is difficult to estimate, but it probably varies due to the composition of the diet. The presence of 2-pentanone in the colonic lumen would also be dependent on the metabolic fate of the compound during the gastrointestinal passage.
More comprehensive studies on the actual concentrations in the lumen are needed to confirm the presence of 2-pentanone in fecal water. However, it cannot be excluded that fecal water contains other phytochemicals that contribute to the observed COX-2 inhibitory effect. Small compounds, such as flavouring agents, are widely present in our diet, and their effects on colonic processes are of interest in colon cancer research.
In conclusion our results indicate that the flavouring compound 2-pentanone, found in food such as banana and carrot, 28, 31) inhibits the COX-2 enzyme in vitro. It may therefore influence the anti-inflammatory and chemopreventive effects of fruit and vegetables. Further studies on flavouring compounds as chemopreventive agents would be of value in the field of colon cancer research and may contribute to future dietary recommendations. The cell viability is presented as percentage of cell survival; survival index (SI).
